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Abstract: This paper presents the design of plastic injection mould for producing a plastic product. The 
plastic part was designed into two different types of product, but in the same usage function. One part is 
using clip function and another part is using tick function. In the computer-aided design (CAD), two 
plastic parts were drawn in three-dimensional (3D) view by using CERO parametric software.Before 
proceeding to injection machine and mould design, this part was analyzed and simulated by using ANSYS 
15.0. From the analysis and simulation we can define the most suitable injection location, material 
temperature and pressure for injection. Cap for toothpaste of 50gms taken as a case study of analysis and 
the runners are prepare to get the optimal design overview for gate and runner design. 
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I. INTRODUCTION 
Because of the many inherent advantages in using 
plastic materials, there is an ongoing trend of 
replacing metal with injection-molded plastic parts 
in a wide variety of applications. More and more 
parts with critical end-use application requirements 
are becoming candidates for conversion to plastics. 
Plastics are lightweight, durable and corrosion-
resistant; have a high strength-to-weight ratio; and, 
when used in transportation applications, for 
example, offer one of the easiest ways to increase 
fuel savings by making vehicles more lightweight. 
As plastics replace metals, the parts must be 
designed to take into account the properties of the 
specific plastic relative to the application 
requirements. One of the complicating factors for 
injection-molded plastic parts is that the properties 
of plastic materials effectively change during the 
manufacturing process. While this is not a problem 
in and of itself, problems can arise if the structural 
analyses are based on generic material data that 
does not accurately represent the actual properties 
of the molded part. These problems can include 
over engineering of components, which can lead to 
unnecessary costs and material usage, or under-
engineering, which can result in part failure. Fiber-
filled plastic materials are commonly used in metal 
replacement applications. When glass or carbon 
fibers are added to plastics, the elastic modulus can 
increase significantly with a negligible effect on 
part weight. 
II. PROBLEM STATEMENT 
Runner design is most important in mould filling 
concept for better quality approach in finishing 
level components in cap moulding. Gate design and  
filling concepts have to optimize with  mean 
pressure and inputs needed to be check by 
analytical simulation before the mould check for 
machining and trail run. 
 
Objectives  
1. To check the design for parametric design 
approach of mould preparation with runner 
design. 
2.  To simulate the quality application of getting 
flow of material in to the material with inlet 
pressure and velocity continuity. 
3. To optimise the mould design with flow 
analysis in ANSYS software. 
III. MATERIALS AND METHODS 







Specific heat (j/kg-k) : 472.7 
Thermal conductivity (w/mm-k) : 0.0424 
Mechanical properties 
Poisons ratio : 0.46 
Coefficient of friction : 0 .29 
Tensile strength (mpa) : 15-40 
Modulus of elasticity (gpa) : 0.86 
Elongation : 100 
Ultimate tensile strength (mpa) : 30 
Material P20 Type Pre-Hardened Mold Steel: 
P20-type, pre-hardened steel that can be used for 
all plastic molding. It is the highest quality P20-
type mold steel currently available, and is superior 
to all other P20-type mold steels in terms of 
machining, stability, and welding. 
 Exceptionally clean steel with uniform 
microstructure – no pin holes, inclusions or 
hard spots.  
 30-33 hrc hardness.  
 Uniform hardness throughout, even in heavy 
sections.  
 75% tougher than typical chrome-moly steels.  
 Patented chemistry suppresses weld cracking 
and hardness elevation in the heat affected 
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zone, eliminating the need for pre-heating and 
post-heating in most welding situations.  
 Machines 30-50% faster than any other p20-
type steel.  
 Never needs stress relieving, even after heavy 
machining. 
Properties of p20 steel: 
Mechanical properties                    
Tensile strength (mpa) : 834 
Modulus of elasticity (gpa) : 186 
Elongation (%) : 20 
Ultimate tensile strength (mpa) : 961 
Thermal conductivity (w/mm-k) : 0.0424 
GEOMETRIC MODELLING: 
Modeling has been carried over in pro-engineering 
software. 
The parts drawn in pro-e are: 
 The cap.  
 Core and cavity extraction. 
 Injection mould base assembly and. 
 Detailed drawing. 
IV. MODELING OF THE CAP 
 
Figure -4.1: 3-d model of cap 
Sketch of the cap is done in the sketcher part of the 
pro-engineering. The section of the cap is revolved 
to 360
0
 about the central axis to obtain 3d model of 
cap as shown in fig-4.6. The cap inner wall and 
outer wall is inclined angle 92
0
.   
 
Figure 4.2Core and cavity extraction 
 
Figure-4.3: core and cavity mould opening 
Sketch of the core and cavity is done in the 
sketcher part of the pro-engineering. The section of 
the core and cavity is revolved to 360
0
 about the 
central axis to obtain 3d model of core and cavity 
as shown in fig-4.7-4.8.  
V. FINITE ELEMENT MODELOF CAP-
CAVITY-PLATE 
 
Figure 5.1 shows input runner design with material 
flow 
Cap cavity plate model has been modeled in the 
pro-engineer as shown in figure 5.1.for performing 
the analysis over the cap cavity plate a finite 
element model is necessary. In analysis the 
meshing of the cap cavity plate components is 
difficult and even the mesh quality is not 
maintained for acquiring the results. In order to get 
the good quality mesh and to maintain the 
tetrahedron elements, the cap cavity plate is 
meshed in hyper mesh 11.0 
Hyper mesh 11.0 is the product from Altair hyper 
works. It is the commercially available software 
package. It mainly used for the finite element 
modelling of the components. Meshing of the cap 
cavity plate is done by the following steps. 
 
Figure 5.2 meshed model 
 
Figure  5.3 Stress formed for cap mold 
From the resultant von mises stress contour figure-
5.3 the maximum stress is 69.602 n/mm
2
. And 
minimum stress is 0.00698 n/mm
2
 and the 
thickness of the plate is 36mm. 
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5.1VARIATION OF DEFLECTION WITH 
LOAD: 












Graph 1 shows : Variation of deflection with pressure 
From the graph as shown in fig5.15 the x- axis is 
represented by pressure load in n/mm
2
 and the y-
axis is represented by deflection in mm. From the 
graph it is clear that the pressure is directly 
proportional to deflection. As the pressure 
increases along the x-axis the deflection increases 
along the y-axis. So there is no plastic deformation 
in mould it is maintaining the elasticity only as the 
curve is linear. So structure will be safe.  
Thermal gradient: 
 
Figure-5.4: thermal gradient 
As shown in fig-7.2.5 the maximum thermal 
gradient is 0.21369 w/mm
2
. And the minimum 




Graph shows variation of temperature with time 
(thermal gradient) 
From the graph as shown in fig-5.23 the x- axis is 
represented by time in sec and the y-axis is 




Static analysis and thermal analysis is carried over 
the cap cavity plate. The cap cavity plate is 
analyzed for different pressure load cases. A global 
finite element analysis (FEA) is carried out to 
arrive at the stresses and deformation of plate.At a 
pressure of 40 n/mm
2
 the maximum displacement is 
0.002315 mm and the maximum stress is found to 
be 55.682 n/mm
2
.Stresses developed for a pressure 
of 40n/mm
2 
are less than the yield strength 
(834n/mm
2
) of the material p20 steel. Hence it is 
concluded that the mould base assembly is 
safe.From thermal analysis it is observed that the 
maximum thermal flux is 0.011405 w/mm
2
.The 
runners are good in position to carryout flow by 
checking the pressure areas and the deformation. 
VII. REFERENCES 
 [1] E. Bociga, T. Jaruga, Microscopic 
investigations of polymer flow in the 
runners of 16-cavity injection mold, 
Polymers 51 (2006) 843-851. Leipzig 2005, 
SL2.16. 
[2]  S. Owada, H. Yokoi, Visualisation Analysis 
of Melt Flow Behavior Along Weld-line 
Area in Injection Molding, Europe-Africa 
Meeting of Polymer Processing Society, 
Athens, 2003, Conference Proceedings (on 
CD), 89-O. 
 [3]  F. Ilinca, A. Derdouri, J. F. Hétu, 
Experimental and Numerical Investigation 
of the Flow Front Behavior in the Co-
Injection Molding Process, PPS-18 
Conference Proceedings (on CD), Polymer 
Processing Society Annual Meeting, 
Guimarães, 2002, 432. 
[4]  D. Watanabe, H. Hamada, K. Tomari, Flow 
Behavior of Sandwich Injection Molding in 
Sequential and Simultaneous Injection. PPS-
18 Conference Proceedings (on CD), 
Polymer Processing Society Annual 
Meeting, Guimarães 2002, 105. 
 [5]  A. Banasiak, T. Sterzy�ski, Visualization of 
Flows in Injection Mould for Polymer Filled 
with Lamellar Filler, Proceedings of VIII 
Professors’ Scientific Workshop „Polymer 
Processing”, Technical University of 
Koszalin Publishers, Koszalin 2003, 21-22 
(in Polish). 
